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HT E Engineering' Experiment Station 
was established by act of
the Board of Trustees, December 8, 1903. It is the purpose
of the Station to carry oninvestigations along various lines of
engineering and to study problems of importance to professional engi-
neers anid to the manufacturing, railway, mining, constructional, and
industrial interests of the State.
The control of the Engineering Experiment Station is vested in
the heads of thie several departments of the College of Engineering.
These constitute the, Station Staff and, with the Director, determine
the character of the investigations to be undertaken. The work is
carried on under the supervision of the Staff, sometimes by research
fellows as graduate work, sometimes by meimbers of the instructional
* staff of the College of Engineering, but more frequently by investigators
belonging to the Station corps.
The esults of these investigations are published in the form o
bulletins, which record mostly the experiments of the Station's own
staff of investigator., There will also be issued from time to time, in
the form of circulars, compilations giving the results of the experi-
ments of engineers, industrial works, technical institutions, and giv-
ernmental testing depattments.
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I. INTRODUCTION
1. Preliminary Statement.-The work reported upon in this bul-
letin was done in connection with the Warm-Air Furnace Investiga-
tion now in progress at the University of Illinois. This investigation
has for its object the determination of the efficiencies and capacities of
warm-air furnaces and a study of the proper conditions of installation
and operation, so that furnaces may be accurately rated and properly
selected for the requirements of actual service. The work is being
conducted under a co6perative agreement between the National Warm-
Air Heating and Ventilating Association and the Engineering Ex-
periment Station of the University of Illinois. This bulletin is a re-
port of the tests of heat insulating materials and surfaces made as a
part of the Investigation, and is included in item (4) of the Objects of
the Investigation.*
2. Previous Investigations.-In May 1919, it was observed in
these tests that greater temperature reduction occurred in air passing
through bright tin pipes covered with asbestos paper, such as are
commonly used in furnace heating, than occurred in air passing
through the same bright tin pipes uncovered, all other conditions in
the comparative tests being the same. It was therefore evident that
the actual heat loss was greater through the asbestos paper-covered
pipes than through the same pipes uncovered.
This fact was reported at the annual Spring Meeting of the Na-
tional Warm-Air Heating and Ventilating Association, Columbus,
Ohio, June 11, 1919, as follows: " . . We found that we lost about
35 per cent more heat through the pipe covered with asbestos paper
than through the same tin pipe not covered. . . This great loss
amounts to approximately 5 per cent of the coal consumed. . .
Furthermore, it costs from ten to fifteen dollars to cover the heat pipes
of the average house installation with asbestos paper."t
* University of Illinois Engineering Experiment Station, Bulletin No. 112, "A Report
of Progress in- Warm-Air Furnace Research," by Prof. A. C. Willard, p. 8.
t Proceedings of the National Warm-Air Heating and Ventilating Association, p. 70,
June 11, 1919.
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Because of the inefficacy of many of the present warm-air furnace
heat insulating methods, it is evident that a complete study of various
insulating materials, coverings, and surfaces would be justified.
3. Acknowledgments.-Credit is due Professor A. C. WILLARD
for the original idea of the scheme for testing the samples, and for the
keen support which, as the active supervisor of the Investigation, he
gave this work.
Professor A. P. KRATZ gave valuable advice and assistance in the
use of the thermocouples.
4. Significant Conclusions.-The results of the tests have been
given some publicity heretofore, but not in the complete form pre-
sented in this bulletin. The following significant results as applied to
warm-air furnace heating are deserving of special emphasis.
(1) The use of thin sheets of asbestos paper on bright tin
heat pipes results in a waste of heat. The use should be
abandoned.
(2) Uncovered bright tin pipes are more efficient carriers
of heated air than asbestos paper-covered bright tin pipes.
See item (4).
(3) This fact is true regardless of the degree of bright-
ness of the tin surface.
(4) No small number of applications of asbestos paper
will suffice as an insulator. Several thicknesses are necessary
to make a covering equal in this respect to the bare tin.
(5) The accumulation of dust and dirt on the pipes does
not greatly alter the amount of the loss.
(6) The heat loss from warm-air furnace pipes dovered
with one layer of asbestos paper is a serious item in the cost
of heating, amounting to more than 5 per cent of the coal con-
sumption, depending upon the number and size of the pipes
used.
(7) The fact that pipes are partly protected from convec-
tion currents of air by joists and studding does not greatly
affect the loss.
(8) Unless the insulation excels the uncovered bright tin
in heat insulation properties it should not be used.
(9) Such materials are available and the tests have shown
their merits.
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II. THE TESTING EQUIPMENT.
The report mentioned in paragraph 2, which was made at Colum-
bus, Ohio, gave the results of tests on the Auxiliary Testing Plant (see
Fig. 6).* It was difficult to obtain entirely satisfactory data on this
plant because of the variation in the velocity of the air flowing up the
leader and the difficulty of correctly measuring the temperature of the
air, as described later in this bulletin. It was therefore decided that a
special apparatus should be devised which would eliminate possible
errors in temperature measurements.
5. Description.-The apparatus here described, (Figs. 1 and 2)
was the one used in the tests reported in this bulletin. It consisted of
low pressure steam heated drums, five in number, surrounding a cen-
tral steam header from which the drums drew their supply of steam.
The drums were accurately uniform in size, ten inches in diameter
by twenty inches in length and were made of sheet metal of the kind
to be tested. Steam was condensed in the drums by the cooling ac-
tion of the air surrounding them and was discharged through water
seals connected to each drum. These seals were U-tubes made of pipe,
and were long enough to contain a water head of four feet. As the
steam condensed the seals became filled with water; the condensate
then dripped over into receivers as fast as it accumulated. The water
in the seals cooled to room temperature before it dripped into the re-
ceivers so that evaporation was not influenced by the heat of the water
in the receivers. Each receiver was mounted on a small weighing
scales accurate to one one-hundredth pound.
A mercury manometer was used to obtain the pressure of the
steam in the central header, and since the temperature of the steam
for any known pressure may be taken directly from steam tables, it
was possible to determine the temperature of the medium within the
drum with great accuracy. A pressure regulator in the steam supply
line held the pressure constant within a small fraction of a pound,
about 0.2 pound being the variation during a test; as the temperature
change for the pressure variation was negligible, the temperatures
were uniform and accurate within one degree.
* University of Illinois Engineering Experiment Station, Bulletin No. 112, "A Report
of Progress in Warm-Air Furnace Research," by Prof. A. C. Willard, pp. 45-49.
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FIG. 2. PHOTOGRAPH SHOWING THE PRINCIPAL OPERATIVE FEATURES OF THE STEAM
DRUM PLANT
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No thermometers were required for determining the steam tem-
perature, but one was used in each drum at the point of outlet of the
condensate to detect the presence of air in the drums. The readings
of these thermometers decreased upon the formation of air pockets
in the lower part of the drums or in the connected .piping. Air could
be blown out of small petcocks located near the thermometers in the
piping. No effects on the coefficients were noticeable when steam was
allowed to escape for short periods from these petcocks, which could
therefore be opened during a test to discharge any small accumula-
tion of air.
The drums were shielded from radiation from each other by
blackened compo-board partitions. These partitions did not in any
way interfere with the flow of natural air currents. The temperature
of the air was measured by thermometers suspended at the elevation
of the drums at convenient positions nearby. The thermometers were
not affected by radiation from the drums.
Thus, the actual measurements involved were simple and were
not liable to serious error. These measurements consisted of the weigh-
ing of the steam condensed, the reading of the pressure of the steam,
and the reading of the room air temperature.
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III. THE TESTS
6. Operation.-The tests reported herein, forty in number, with
four drums under steam in each test, were carried out at night when
the doors and windows of the large laboratory were closed. No air
currents were noticeable near the apparatus. A period of ten hours
was chosen for the duration of a test as that time was sufficient to
permit accumulations of condensate great enough to render negligible
the slight error in weighing. These quantities of water varied from
5 to 20 pounds depending upon the surface material of the test drums.
The steam pressure was constant on any given test within 0.2 of an
inch head of mercury. In all the tests there was only one case in which
the thermometers indicated the presence of air in the drums at the
end of ten hours operation. The greatest variation of temperature of
the surrounding atmosphere during any night was four degrees Fah-
renheit. A recording thermometer was used to show the uniformity
of the laboratory temperature.
The drums were tested in different positions around the steam
header in order to compensate for any irregularity in the flow of
steam to the drums or in the currents of air about the drums. As no
irregularities were noticeable in the values of the coefficients of emis-
sivity for the various positions, the practice was abandoned after the
first four drums were tested in the interchanged positions.
One drum, of bright tin not insulated, was in operation in all tests.
Its performance served as an indication of any lack of uniformity in
the conditions existing throughout the tests.
In order to make correction for the loss of water by evaporation
from the receivers, a receiver of water was balanced on a scales and
the loss in ten hours actually determined by weighing. After several
trials in which the loss ranged from 0.10 to 0.12 pound it was decided
to use the value 0.11 pound. This amount was applied as a correction
to all the weights of water. Every test was repeated until the results
obtained were found to agree within very small limits. In no case are
the data reported, the result of less than two tests, and in most cases
four were run. Two tests were considered sufficient if the results
agreed within one per cent of their mean value.
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7. Specimens Tested.-A complete list of the drums tested is
given in Figs. 5 and 5a. In the list will be found a description of the
insulation or the surface material, the actual area of the drum exposed
to the steam, and an abstract number assigned to the drum (which
will be useful in connecting the description with the results reported
later in this paper). Fig. 4 shows sections through some of the insula-
tions which were of complex construction.
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IV. THE CALCULATIONS
In calculating the coefficients of emissivity for the various sur-
faces it was assumed that heat of the vapor was entirely given up, upon
condensation, to the air through the walls of the containers and the
connected piping. Tests on the low pressure steam-line supplying
the drums show a steam quality of over 99 per cent. The expression
for the coefficient is, therefore, calculated as follows:
rW
K A (t,- t)(1)
in which, K, = B. t. u. per sq. ft. per hr. per 1 degree F.
r=latent heat of one lb. of the steam.
W = weight of condensate per hour.
t, = temperature of the steam.
t= temperature of the surrounding air.
A = area of the drum exposed to the steam.
Correction must be made for the loss of heat through the half-inch
pipe of which the water seal was made. This loss is not accounted for
in the calculation for K, above. Three lineal feet of the half-inch pipe
were exposed to the steam. The correction is made by using a coeffi-
cient of emissivity for this pipe of 2.50 B. t. u. per sq. ft. per hr. per 1
degree F. and the exposed area of 0.375 sq. ft., or, 2.50x0.375 = ap-
proximately 1.00 B. t. u. per hr. per 1 degree F. to be subtracted from
the heat loss, or,
AK 1 (t,-t) - 1.00 (t,-ta) =AK (t-t,)
AKi-1.00
and K corrected = AK .(2)
This correction was verified by tests made on the drums with the
water seals heavily insulated with hair felt. The values of K so deter-
mined agree closely with the values obtained by applying the correc-
tion.
Fig. 3 is a copy of a test data sheet and shows all readings and
calculations for one test.
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FIG. 3. A SAMPLE DATA SHEET FOR A TYPICAL TEST
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V. RESULTS OF THE TESTS
8. Discussion.-The significance of the tests will be best under-
stood by a study of the information presented in the diagrammatic
chart, Figs. 5 and 5a. The heavy black bars afford a graphic com-
parison of the heat emitting value of the various surfaces. Reference
must be made to the descriptive list of drums in order to connect the
data with particular test specimens. The relative efficiencies of the
various surfaces as heat insulators are given in the next to the last
column of the chart. The coefficient for bright IC tin was used as the
basis for this comparison.
Specimen A/o.3 Specimen No. 6
4r- Space DyAsbesftos n
Speckllen N/os. /0 & Spec/mnen No. 15
Specimen Na Z/ Spec/men No. /a
FIG. 4. SECTIONS SHOWING CONSTRUCTION OF SOME OF THE COMPLEX SURFACE
COVERINGS
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The first result of importance is the convincing evidence which
the tests present as an argument against the use of thin layers of as-
bestos paper covering on bright tin pipes. The heat loss was 39 per
cent greater with one thickness of the paper than without. Such a loss
is of no small degree of importance as calculations will show that it
results in a waste of 5 per cent or more of the coal consumed in the
average house furnace.
The fact that the heat loss from the warm-air pipes of a furnace
system is of some consequence is not appreciated generally. A con-
siderable part of the heat of the air flowing through the pipes of the
average installation is dissipated from the pipe surface to the surround-
ing air and nearby objects. The insert in Fig. 6 sets forth the results of
tests made to determine the amount of this loss. The tests were carried
out on a single leader pipe furnace,* see Fig. 6, in which the quantity
of air handled and the heat content of the same above the entering tem-
perature could be readily ascertained. The heat loss was determined
by calculation from the drop in temperature of the air in its passage
through the pipe. The temperature and velocities indicated in the
curves are fair representative values.
The significance of these preliminary tests is to bring out the fact
that the heat loss from warm-air furnace pipes is a serious item. From
the curves, it can be seen that in the case of the asbestos paper-covered
pipes, the loss amounts to about 23 per cent of the heat of the air at
the bonnet, above inlet air temperature. If the pipe is of bright tin
and not covered, this loss is reduced to about 17 per cent of the heat
available. In either case the loss is great; and with the further con-
sideration that a warm-air furnace under average conditions of in-
stallation is, at best, only about 60 per cent efficient, it will be under-
stood that the actual waste of coal ascribable to poor heat pipe insula-
tion is enough to warrant attention.
The attempt was made in the steam drum tests to determine the
effect upon the heat loss of having the drum partly enclosed so that
free circulation of the air about the drum would be prevented. The
experiment simulated the effect of running leader pipes between
joists. The results of these tests as shown in No. 14 and No. 14a in-
dicated a slight decrease in the value of K for the enclosed drum.
The argument has been advanced that if bright tin pipes were
used without covering, they would soon become fouled with dirt and
* University of Illinois Engineering Experiment Station Bulletin No. 112, "A Report
of Progress in warm-Air Furnace Research," by Prof. A. C. Willard.
ILLINO1S ENGINEERING EXPERIMENT STATION
Area
Drum E&posed
umer Descr'ition of Surface to Stea
sq.ft
/ /C tin, not insuated, bright 553
/a Same as /No / with ash dust sifted an R deep 553
2 /C tin with i thickness of 10-pound asbestos 552
paper
/C tin with 3 thicknesses of ar-ce// asbestos
and / thickness of l/-pound asbestos paper
/Ctin with 2 app/ications of gray pain,
4 (of zinc, linseed o/, and /ithpone 5.5/
composition)
C tin with / thickness of asbestos paper
5 and 2 app//cat/ons of paint, (No. 2 drum S52
with same hindof paint as used on No. 4)
IC tin with thickness of air-ce// asbestos
6 and Ithichness of /Opound asbestos 5.50
paper, (No 3 drum used.
7 I C tin nicke/ p/ated andpo//shed .54
8 Galvanized iron, No. 8 U. S . gage 5.53
3 B/ack iron, No. 8 U./ S.. gage, very rusty 5.52
Surface and drum No 3 with /X t/i cosing
/0 surrounding, w/fh•a/'r-space and w/th 5.50
6 J"ent ho/es cut in the casing
I/ I/Ctindrumio.l) coated with Bake/ite lacquer £53
/2 Same as No. / but with vents stopped 5.50
C tin (drum No. 21 with / thickness of l0-pound
/3 asbestos paper and a surface of g/aze 5.5
finish printers'praofing paper
IC tin drum No 4 with paint removed and a
./ housing of compo-board construction, to M 5
represent joists, ua//t around same.
Housing a8deep by /4'wide by £e*/ony
FIG. 5. DIAGRAMMATIC TABLE OP THE RESULTS OF
EMISSIVITY OF HEAT FROM VARIOUS SURFACES
Coeffc/ent of Emi5sivi/r - Re/ltive Drum
altu per t per r /- Effic/enc umber
Per Cent
0 O2 04 06 O8/O /02 /4 /6 8 20o .Z 24
/.280 /000 /
/.440 89.0 /a
M*ENl 2.080 6/.5 2
0.565 Z26.0 3
Es225 575 4
2.155 595 5
0.870 /4.O 6
1.330 96.0 7
/.330 960 8
mm 2370 54.0 9
0.700 /83.0 /0
/.575 8/5 //
0.593 2/6.0 /2
/.800 7/.0 13
/m .430 895 14
ONE HUNDRED SIXTY TESTS ON STEAM DRUMS
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Area
Drum Exposed
Drum Description of Surface fo pseam
sq.ft
/4a Same as Ao. 14 with housing removed 5./
15 ~Sme as No. 0/ but w/th the a/i-space packed 5.50
with dry J/7 asbestos cement
6 I/Ctn7 with 2 thicknesses of /z-pound 5.2
asbestos paper
/6a Same as No./6 with ash dust sifted on "deep 3- 5
/7 IC tin(drum MVo. with 3 thickrnesses of
I2-pound asbestos paper
/8 Go/van/zed iron fdrum No. 8J wih 3 thickness- .
es of o/r-ce//aosbestos and / of /ipoundpaper
IC t'n (drum No. z with 4 thicknesses of 5/9 .52
l2-pound asbestos paper
/C tin with / thickness of asbestos paper
20 covered w/th a firm coating of white ,51
co/c/mine, (for determining the effect of
light and dark surfaces/
Ga/lanized iron (drum No.81 with l" Asbesto-
2/ ce/ bocks covered with " of asbestos 5.53
cement and a cheesecloth wrapper
2 IC tin(drum No. a with 5 thicknesses of
_ /-pound asbestos paper
23 Same as drum No. 20 with lampb/ack 5
ca/cimine on the surface used /n that test
/C tin (drum No.A with 6 thicknesses of
S/-pound asbestos paper
5 tin/Ctndrum No. e/ with 7 thicknesses of 55
/2-pound asbestos paper
26 /Ctin (drum Ao. 2/ w/th 8 thicknesses of 5.52
/I-pound asbestos paper
FIG. 5a. CONTINUATION OF THE DIAGRAMMATIC TABLE OF THE
EMISSIVITY OF HEAT FROM VARIOUS SURFACES
Coeff/"cint of Em/ssi/y/y -/Iatv Drum
B.St. u.per sft.erhrper/I°.Ci PlE &mber
o 42 a4 06 oa O /Zo 14 /.6 /. 2.0 z Z4
ONO/.520 84.3 /4,
0.899 /420 /5
/.880 68.1 /6
1.820 70.5 /6,a
/.790 7/.- /7
0.577 222.0 /8
1.670 76•5 /9
2.050 625 20
0.326 39J.0 2/
/.43S 89.0 22
mmmm Em m •2./20 60.S 23
/390 92.0 24
1.320 97.0 25
/.260 /0/.5 26
RESULTS OF ONE HUNDRED SIXTY TESTS ON STEAM DRUMS
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S-1
.
Ia N.
K^'
Approx Velocity in ZLeder, F0per Sec.
65 0 600 650 700 750
/20 /30 /40 /50 /60
Equiva/ent Register Temp. above 65 ,
Equa/s Regisrer T-/n/et T+65*f
'Air /n/et
44- Area 5700 sq. in
FIG. 6. ELEVATION OF AUXILIARY FURNACE PLANT WITH INSERT SHOWING
PERCENTAGE QF HEAT LOST FROM COVERED AND FROM BARE BRIGHT TIN PIPES
.onden sati/on
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dust and so rendered less efficient heat carriers than asbestos paper
covered pipes. The fallacy of this argument is revealed by tests No.
la and No. 16a. In these tests fine ash dust was sifted on the test
drums, one of bare bright tin and the other asbestos paper covered.
The dust was more than one-sixteenth inch deep on top of the drums.
The results as shown in tests No. la and No. 16a of the chart indicate
that the bare tin suffered a loss of 11 per cent in efficiency whereas
the asbestos paper surface improved 2.4 per cent. There still re-
mained, however, a difference of 25 per cent in favor of the bare tin
pipe.
In order to demonstrate further the inefficacy of thin layers of
asbestos paper as a heat insulator, tests were run in which the number
of thicknesses of paper was increased until the heat loss became less
than the loss through a bare bright tin specimen. The curve (Fig. 7)
gives the results of these tests. Eight thicknesses of the twelve-pound
paper were applied before the desired result was obtained. In these
tests the moistened paper was wrapped tightly and shrunk on the
drums so that only a small quantity of air was entrapped between the
successive layers of paper. The total thickness of paper was two-
/i.90
S/.80
. L70
/.560
S/.40
120
FIG. 7. CURVES SHOWING INEFFECTIVENESS OF COMMERCIAL ASBESTOS PAPER FOR
INSULATION OF BRIGHT TIN PIPES
I I I
_Thickness of Asbestos-
Paper is .025 inch
STotal thichnrs = 8 x.025 = 020/nch -
I z
Kt
Heavy coahinq
-of a.h dustJ -
, tfor briqhf 1C 7Tin
I o 3 4 5 6 7
Number of Thiclrneses of Asbesfos Paper
'1-,1
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tenths of an inch. The impractical features of such a method of in-
sulating are of course evident. The use of thin layers of asbestos paper
on bright tin pipes must be abandoned if the best results are to be ob-
tained in furnace heating.
Other materials of better heat insulating value than the bare tin
were tested. Numbers 3, 6, 10, 12, 15, 18, and 21, all show values which
indicate that a large saving would be effected by their use. Some of
them are expensive and not easy of application, but good selections
may be made. The air-cell combinations Nos. 3 and 6 are excellent in-
sulators, are easy to fit to basement leaders, are not expensive, and the
latter, in particular, is not bulky.
The double wall tin pipes Nos. 10 and 12 are very efficient in-
sulators and are easy to construct and to install. Other tests are in
progress which are expected to establish still further the merits of
this type.
The tests on galvanized iron specimens brought out the fact that
the heat loss through this material is not greater than through bright
tin of the same gage. This low heat radiating property is an argu-
ment in favor of the galvanized iron leader pipe. Nos. 18 and 21
are good insulations for the exterior of furnace casings, the heat loss
through the latter being almost negligible. No. 21 is very easily
applied.
The tests on drum No. 11 were made to determine the effect of
transparent applications on the tin surface. Bakelite lacquer was
used. The result was a slight increase in the heat loss. It was thought
that the use of the lacquer would be justified in practice by its rust
preventing qualities, but specimens exposed to steam laden air for
long periods show no advantage for the protective coating.
Tests Nos. 20 and 23 were made for the purpose of ascertaining
the effect of color upon the heat radiating value of a surface. Applica-
tions of white calcimine were made on a drum which was tested; then
a coat of dull black calcimine was added and the drum re-tested; a
final coating of white calcimine was applied and the drum again tested.
The alternate tests with white calcimine checked very closely proving
that the additional thickness of the calcimine was not sufficient to have
any bearing on the results. Beyond demonstrating the superior radiat-
ing value of a dark surface, the tests have little significance.
SSpecimens Nos. 4 and 5 demonstrated the uneconomical effect due
to increased heat loss of any kind of oil paint applications on heat
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pipes. A comparison of Nos. 1 and 4 will show the enormous increase
in heat loss caused by painting bright tin heat pipes, and a comparison
of Nos. 2 and 5 will show the similar wasteful effect of painting over
the asbestos paper covering. However, the use of paint on asbestos
paper has in its favor the moisture-proofing effect of the paint.
Other information of value may be found in the data given in the
table. To use these data for the determination of the approximate
heat loss from a heat pipe, it is only necessary to multiply the value
of K for the surface by the surface area of the pipe exposed and fur-
ther multiply by the difference in temperature between the air inside
and outside the pipe, or,
B. t. u. loss per hour = K x Area in sq. ft. x (t, - ta)
On account of the difficulty of correctly measuring the temperature of
the air near the inner surface of the pipe, the method of determining
the loss from a pipe as here given, is only approximate.
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VI. CORROBORATIVE TESTS
9. The Auxiliary Air Plant.-In order to show the connection
between the work done on the steam drums already described and
conditions obtaining in a warm-air system, the following account of
experiments conducted on the Auxiliary Furnace Plant* which is
shown in Fig. 6 of this bulletin is given. In these experiments, the
weight of air flowing up the pipe was determined by the use of the
steam-air meter which supplied the heat. Half way along the ten-
foot length of the ten-inch leader pipe was located a traversing device
(Fig. 8) which made it possible to get temperatures at any point across
Ga/vanometer
FIG. 8. DIAGRAM OF THERMOCOUPLE CONNECTIONS TO THE AUXILIARY
TESTING PLANT
* University of Illinois Engineering Experiment Station Bulletin No. 112, "A Report
of Progress in Warm-Air Furnace Research," by Prof. A. C. Willard.
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the pipe diameter by intervals of one-hundredth of an inch. A ther-
mocouple was used in the traverse and its readings were accurate with-
in one degree Fahrenheit. A second couple was tinned to the surface
of the pipe and by rotation of the pipe (a short section could be
turned) temperatures at any point on the surface in the plane of rota-
tion of the couple could be determined.
10. Temperature Measurement.-The couples used in this work
were made of copper and constantan wires of No. 22 gage. The junc-
tions were silver soldered. Fig. 8 shows the wiring arrangement and
the instruments used for two couples. As many couples may be used
as there are contact points on the selector switch. Four were used
on the leader pipe for the tests here described. The couples were
calibrated individually in a hot oil bath over a range of 200 degrees,
and calibration curves were carefully drawn. It is possible to repeat
readings of the pyrovolter within 0.01 millivolt which by calibration is
0.4 degree Fahrenheit. This insures an accuracy of reading of one-
half degree. As the couples were soldered to the surface of the pipe
in some parts of the work, it was thought advisable to repeat the cali-
bration after the couples were removed from the pipe. The constancy
of the couples was found to be unaltered by the soldering to the pipe.
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FIG. 9. .TEMPERATURE TRAVERSE CURVES OF TEN-INCH LEADER PIPE
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The use of thermometers for accurate temperature measurements
in an air stream is not satisfactory. Thermometer readings will not
be in agreement with thermocouple readings though both are suspended
in close proximity in the same stream of moving air. For this reason
thermocouples were used throughout these tests.
In Fig. 9 are given temperature traverse curves showing the varia-
tion in temperature across the ten-inch pipe. Curves are shown for both
the asbestos paper-covered pipe and the bare pipe, all other conditions
of the tests being identical. The curves demonstrate the heat-radiating
value of the asbestos paper. Note that not only the air temperature
but the surface metal temperature beneath the paper is lower in the
case of the covered pipe, this fact indicating that the tin is conducting
the heat to the asbestos covering which in turn radiates it more rapidly
than does uncovered tin. Very exact means were taken to deter-
mine the temperature of the film of air in contact with the inner sur-
face of the pipe. The traversing couple, made of wire 0.025 inch in
diameter, was filed flat at the junction so that it was less than 0.02 inch
thick. Measurements of the temperature were made with this thin
couple at a distance from the pipe surface just great enough to cause
a break in an electric circuit through the couple and the pipe, the
break being indicated by a small voltmeter in the circuit. The dist-
ance was less than 0.01 inch from the pipe surface. The temperatures
were found to differ from the metal temperature 15 to 30 degrees, the
greater difference existing in the case of asbestos paper-covered pipe.
(See the sample data sheet Fig. 10 for data on these measurements.)
The temperature change of the air flowing in the pipe was
determined by the use of couples suspended in the air stream three
inches below the top of the pipe. These couples correctly register the
tembperature drop of the mass of air between any two sections for the
reason that the traverse curves are similar in shape at all sections
along the pipe, and the error in reading the temperature due to a
difference in the traverse curve is very slight. This fact is illustrated
in Fig. 9 at Sec. 1 and Sec. 2. It will be seen that a great difference
in the shape of the traverse curve would be necessary to cause serious
error in determining the temperature drop along the path of flow
of the air.
In measuring the temperature of the pipe surface, it was found
that, whereas the air in the pipe dropped in temperature, the pipe it-
self showed a measurable increase in temperature away from the
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furnace. This slight increase occurred when the pipe was covered as
well as when bare. As this increase amounted to only about 3 degrees
and was proportional to the length of pipe, it was considered per-
missible to use the temperature half way up the leader as the mean
metal temperature.
11. Calculation.-The coefficient of emissivity for the pipe sur-
face may be calculated since the heat loss through the surface of the
pipe between any two sections is equal to the decrease in the heat con-
tent of the air in its passage through the length of pipe between the
two sections, or,
0.24 W (t,-t)= A (t,-ta) K1 . . . . . . (3)
in which W is the weight of air flowing.
t,-t, = the temperature drop of the air in the given length of
pipe.
A = the area of the pipe exposed in the given length of
pipe.
t,-t, =the drop in temperature between the metal of the
- pipe and the air.
K 2  =the coefficient of emissivity not corrected.
Solution of the equation will furnish a value for K 2, which will
not, however, check or agree with the value determined in the steam
drum tests of the same material. The variation may be easily ex-
plained since it is a well-established law that the coefficient of heat
emissivity of a hot body varies with the temperature difference between
the heating and the cooling medium. (See tests of radiators by J. R.
Allen which demonstrate this fact).*
In the case of the heat pipe the temperature traverse showed
a low air temperature near the inner surface of the pipe and also a cor-
respondingly low temperature of the metal of the pipe. The result
is a comparatively low value of t,-ta and according to the law, a low
coefficient is to be expected.
The following case will illustrate: the pipe was covered with 12-
pound asbestos paper. The surface couple showed that the tempera-
* Paper by J. R. Allen, given before American Society of Heating and Ventilating
Engineers, Jan. 28, 1920.
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ture of the tin beneath the paper was actually lower than the tempera-
ture in the case of a bare pipe.
W = 479
tl -t 2 =17
t, -ta=44
A =26.40
479 X 0.24 X 17K 2 - 479X0.24 17= 1.77 B. t. u. per sq. ft. per hr. per 1 degree F.44X26.40
Assuming that the correction of 0.2 per cent per degree F. below
the standard range of 150 degrees which is used in making corrections
with direct radiators, applies to this surface,* the value of K becomes:
K, = K - 0.002 K [150 - (t, - ta)]
1.77 = K [1- 0.002 (150 - 44)]
K = 2.24 B. t. u. per sq. ft. per hr. per 1 degree F.
This result is in close agreement with the value of K = 2.08 as deter-
mined in the steam drum tests, and reported above.
12. Conclusion.-Enough tests have been made on this apparatus
to entirely corroborate the results obtained on the steam drums, and
additional tests are in progress in which more exacting methods are
employed. t
* "Mechanical Equipment of Buildings," by Harding and Willard, Vol. 1, p. 78.
t For further information regarding the tests involving the use of thermocouples on
this plant, see University of Illinois Engineering Experiment Station Bulletin No. 112, "A
Report of Progress in Warm-Air Furnace Research," by Prof. A. C. Willard. An abstract
of this bulletin was presented at the Annual Meeting of the American Society of Heating
and Ventilating Engineers, at New York, January 28, 1920.
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1918. One dollar.
*Bulletin No. 109. The Pipe Orifice as a Means of Measuring Flow of Water
through a Pipe, by R. E. Davis and H. H. Jordan, 1918. Twenty-five cents.
*Bulletin No. 110. Passenger Train Resistance, by E. C. Schmidt and H. H.
Dunn. 1918. Twenty cents.
*A limited number of copies of bulletins starred are available for free distribution.
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*Bulletin No. 111. A Study of the Forms in which Sulphur Occurs in Coal, by
A. R. Powell with S. W. Parr. 1919. Thirty cents.
*Bulletin No. 112. Report of Progress in Warm-Air Furnace Research, by
A. C. Willard. 1919. Thirty-five cents.
*Bulletin No. 113. Panel System of Coal Mining. A Graphical Study of Per-
centage of Extraction, by C. M. Young. 1919.
*Bulletin No. 114. Corona Discharge, by Earle H. Warner with Jakob Kunz.
1919. Seventy-five cents.
*Bulletin No. 115. The Relation between the Elastic Strengths of Steel in
Tension, Compression, and Shear, by F. B Seely and W. J. Putnam. 1920. Twenty
cents.
*Bulletin No. 116. Bituminous Coal Storage Practice, by H. H. Stoek, C. W.
Hippard, and W. I). Langtry. 1920.
*Bulletin No. 117. Emissivity of Heat from Various Surfaces, by V. S. Day.
1920. Twenty cents.
*A limited number of copies of bulletins starred are available for free distribution.



The Graduate School
The College of Liberal Arts and Sciences (Ancient and Modern Langua* and
Litoratures; History, E conomics, Political Science, Sociology; Philosophy,
Psychology, Education, Mathematics; Astronomy; Geology; Physics; Chemistry,
Botany, Zoology, Entomology; Physiology; Art and Design)
The College of Commerce and Buiness Administration (General Bsiness, Bank-
mg, Insurance, Accountancy, Railway Administration, Foreign Commerce;
Cof urses for Commercial Teachers and Commercial and Civic Secretaries)
The College of Engineering (Architecture; Architectural, Ceramic, Civil, Electrical,
Mechanical, Mining, Municipal and Sanitary, and Railway Engineering; General
ngrineerg Phys 
-s)
The College 1 of Agriculture (Agronomy; Animal Husbandry- Dary Husbandry;
5 -I
Horticulture ad Landscape Gardening; 'Agricultural xtension; Teachers'
one year ol college work respectively)
A4The Schl of Education
The Curriculum in journalism
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The Curricolume in Chemistry and Chemical Engineering
The School of Railway Engineering and Administration
The School of Music (four-year curriculum)
The College of Medicine (inh Chicago)
The College of Dentistry (in Chicago)
The Scool of Pharitacy (in Chicago; Ph.G. and Ph.. C. curriculumst y
The Summer Sessio (eight weeks)
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